Two genes, mpsA and mpsB, constitute an operon in the synthesis of monapterin in E. coli. Expression of mpsA, the structural gene for dihydroneopterin triphosphate 2'-epimerase, from its native promoter, required mpsB. Cotransfonnation of mpsB excludes the possibility that the MpsB is a transactivator protein for mpsA expression.
Introduction
MonapterinCL-ZÄreo-neopterin) was first isoiated from E. coli by Rembold (I) and, in fact, appears to constitute the major pterin found in this bacterium. The biochemical function of monapterin is still unknown. In E. coli, monapterin is formed by dihydroneopterin triphosphate(H2NTP) epimerase acting on the 2' carbon of HjNTP (2, 3) , which is made from GTP by G 1 P cyclohydrolase I (4, 5) . The gene encoding HjNTP epimerase was cloned and characterized form E. coli by US (6) and others (7) . The epimerase gene, which contains 120 amino acids with a predicted Mr of 13,993, is located on a 2.3 kb ÄowHI-EcoRl fragment of the E. coli genomc (6) . Here we show ihat the 3' downstream side of the 2.3 kb segmcnt carries another gene, which is part of a Single operon with the epimerase gene, and that its presence is essential for high expression of the epimerase gene.
Two genes constitute the mps operon.
The epimerase gene was cloned into pBluescript and designated as pMPS(MPS for monapterin synthesis) (6) . Sequence analysis of the 2.3 kb segment reveaied that it contains a second open rcading frame consisting of 297 amino acids beginning 23 bp downstream from the epimerase gene. Northern analysis showed the presence of two transcripts, 0.45 and 1.37 kb in size, when probed with a segment within the epimerase coding region (Fig.l) . The smali tianscription seems to cover only the open reading frame encoding the epimerase, while the largcr onc covcrs both open reading frames. The results show that the two genes constitute one operon. We propose to name the epimerase structural gene mpsA and the second gene mpsB.
We performed primer extension analysis using a synthetic primer. 5'-cgcaaacgaaggttcttt-3', coniplementary to bases 30 to 47 of the mpsA coding sequence. The primer was end-labeled with ('-P)ATP using T4 polynucleotide kinase. The 5' end of the mps mRNA appeared to be 26 bases upstream from the Initiation eodon of the mpsA gene (data not shown). Potential Promoter sequenccs, TAACA and TATTAT (8), separated by 16 bases were found at -35 and -10. The putative ribosome binding sites with sequences GGAGA and GGAGG were identified 7 bp and 4 bp upstream of the translation initiation codon of mpsA and mpsB, respectively.
Deletion analysis ofthe region downstream of mps A
To elucidate the role of mpsB on the expression of mpsA, we performed deletion analysis on the region 3' of the mpsA gene. The deletion plasmids, designated as pMPSl.5, pMPSl.3, and pMPSO.6 were constructed by deleting Hpa\-EcoK\, Sca\-EcoK\ and A4Iu\-EcoK\ segments froni pMPS, respectively (Fig. 2) . pMPSl.O was produced by a nested deletion procedure using exonuclease III according to the manufacturer's protocol (Promega Corp). The deletion plasmids were transformed into E. coli DH5a and analyzed for epimerase activity and MpsA protein. Deletion of the 3' flanking region of the mps operon (pMPSl.5) did not cause a reduction in epimerase activity (Fig. 2) . Ilowever, deletions of the mpsB open reading frame from the 3' end (pMPSl.3, pMPSl.O, pMPSO.6) caused a gradual decrease of enzyme activity correlated with the length of the deletion. SDS-PAGE of the cell extracts cariying the deletion series also revealed a decrease in the l4kD epimerase subunit protein band (Fig. 3) .
Complementation
test for the transcriptiona! acüvation of mpsA by MpsB To investigale the effect of mpsB on the expression of mpsA, two Plasmids were constructed. pMPSAD was prepared by deleting the /scoRV-EcoRV segment (105bp) in the mpsA region from pMPS, and pCMPSAD was constnicted by transferring the 2.2 kb inscrt in pMPSAD into the pGcc3 vcctor (Promega Corp.), which carries chloramphenicol resistance (Fig.  4) . pCMPSAD was then transformed into DH5a cells containing plV1PS0.6, and cells resistant to both antibiotics were selected. The expression of mpsB was monitored using a polyclonal antibody against MpsB. To raise this antibody, the mpsB gene was tlrst cloned by PCR using two synthetic primers, galcagg-3' and 5'-ctgggatccgggagttaactggcgga-3'. The resulting fragment was digested and cloned into pET15b {Barnm-NdeV). The His-tagged MpsB protein was overproduced in E. coli. The protein that eluted at 0.3 to 0.4 IVI imidazole buffer from a Ni-resin column (Novagen) was used to raise anti-MpsB antibody in mice.
The cpimcrasc activity of the pMPSAD-transformed cells was negligible when the 3' end coding region of rnpsA was deleted (Fig. 4) . To test for complementation, we introduced pCMPSAD into E. coli cells carrying pMPSO.6 and the cells were examined for enzyme activity and MpsB protein. Although the MpsB protein was well expressed in pMPSAD-carrying cells and the cotransformed cells. the epimerase activity of the cotransformed cells was the same as the cells carrying only pMPSO.6 (Fig. 4) . This results exciude the possibility that mpsB encodes a transactivating protein that interacts with the mps promoter but would rather enhance the stability of mpsA transcript Potential nucleotide binding domain, Gly-X-Gly-X-XGly (10) , is found in the N-terminal region (amino acid residues 5-12) of MpsB, suggesting the MpsB is nucleotide binding protein.
At the Switch from the logarithmic to the stationary phase of E. coli growth, there is a biirst of monapterin excretion, and it has been suggestcd that monapterin could be used as a marker for E. coli cell proliferation (11) . Since SulA proteins are cell division inhibitors, future experiments will examine whcther the expression oi'mpsB is related to the reguiation of cell division in E. coli.
